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All<SAl< l)ata

‘ll]c. J])] ~ ailt)()~llc  sytl[llc[ic  H]) CILLIIC  1,1(1:11  (A1l<SAR)  was f]owt]  :Ilwald tIIc N A S A

IX;-8 dNrirI{J, al] tlIc ilt[crlsiv(:  fl(l(l c: IIIt]):Ii{!IIs  (II(:) ill SIIIIIIIICI o f  1993, A})]il 1994

(l(llill~’,  [lIC tl]aw })CI imi o f  tlIc. l)OIL:il  f[)](sl, :irI(i ill SL]IIIIIICI  [Ill(i fill] o f  1994. ‘1’lIc

AI I<SAR O]) CliltC.S  al [tll(’c f]~’(]ucl)cy  \): II I(i\, ]) ~):iti(i  (68  Clll \va\T]cIIfI,[]I),  1 .-[)[111(]  (:~1 ctn),

all(i (~-b;tll(l (5. f5 CIII) wi[ll  ftllly  ])ol:llilllclli(”  c:i]):([)ili  [y. ‘J’}1(: ilwidc]n  [IrI{I,lc  of (IIC I: I(ld I

Vii]  ic(]  bctwccli  a])])]oxill]{i[cly  ?OL) ;lII(i (l ( )( ). ‘ l ’ l IL’  l:td{{l  (1:{1:{ USC.(I  fol l;irl(i-covcl

class  iflcatic)]i  wmc  ac(]uilc(] ill .Iu IY ? 1, 1994 [I II(I ]) I[)ccssc(l  ill syllc)j)(ic  lII(xl(’  (50 kIII

Sw[i(}l).  }Vc.  lIfivc.  clIosc.11  [Ilis  (~;{[c  ICJ ;I/oi([  }Iossil]]r  cIIO1s  ilI cl:tssificatioll  (ILIC to (}IC

j)[ll[ially  flozc.tl  Co[l(litioil  (Illljllf;,  llIc.  tlI:I\\ ])CI io(l ;III(I  ]c:{f-off”  C.oll(lilioll”  dlllitlj’, IIIC f a l l

SC: IS[)II. Ill sy]io])tic  1110( 1(’., stlij)s  of  Iil(l[il illl:i~,cs  aIc ]) Ioccssc(i  u’i[}]  fixd Iada  I

]):(lal Ilc.tcls alol If, []Ic. sw:tt}l  aII(l witl)o(l(  tllc. :Iilcl:if[  ]I]()(i()l]  colll])c.lls:itioll.”  ‘I”IICSC illm~,c.s

oftc.11  sllffc.)  f-loll]  :Ic(:IIIatc Calit)latic)l)  :iII(i Ia(lic)tl)c.tl  ic coljcctioll. 1 lowc.vcI,  it is IIIC

Hj)])loj)]iatc  lIIodc foI lal~,c aIc:a  I]):!]l])irl[’,. WC lIavc tIsc(! itlmf,cs f[ol]l scvcI :~1 ]1:11 allc.]

flf’,llt  lil)cs i]) a lnos:iic II1OLIC  to Clcatc I: II{I,CI aIc:i covc12f,c  ovcl ttlc. lnodclill~,  {’,li(i.  ‘J’l Ic

c:tlibratiort,  Ia(lio]l)cll ic coJ lc(:[iotl,  2))(! Il)():,ai(:  of tlIc illmj;c.s  vmc ])c.I fol IIWd ill scvu a]

S[c])s ns follows:
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R[iIISOII  [III(I  SIIII, (1994)  USC(I  A l l < S A l <  i[ll[ij),cs OVCI f{) Ics[r.d  ]aII(l  SLIIfiICC.S,  SCIC.CtU{  {t

])01 [iot) of cacl) im:i~,c  l i ne  willlin  sa]JIvocKi  alc:is, C[l]Clll~t[C(] I1]C IIICaII ~{11(1 s(iirl(![~](]

dc.viatio]l  o f  t h e s e .  pixc.ls, ziII(l (Iiscal(lcd  all ])ixuls falli[lp,  ou[sicic  o f  :1 ?s[arI(iaT(i

(ic.viatio]ls. ‘1’iIc Iulllai[lirl[l,  ])ixcls  vmc us{(i 10 cs[iln:llc llIc lIIcalI v a l u e s  fit C:iCll  illla~c

IOW, II)cn a lillc:{r  rc.f, ]c.ssion w a s  usd to Cslillla[c  tlIc  calil]liilioi)  ]iilio  fol Cacti lillc, :ill(i

subsequently,  tlIc cI]tiIc ill]:if,c.  was ciilil)Ia[c(i  usill~,  llIrsc  Iatios. WIIc.11  c.ln~)loyin~,  Itlis

tc.c}l[liquc,  it was fc)ul)ci  that tl)c. lineal  Ic~’,lcssiotl  ]nc[llo(i (ii(i  not always col)l])c.lIsatC.  fol

(t)c. il)lloll)():,c.llc.()~]s  sc.erIc  cJIalac(c.I  istics alotl{I,  [Ilc. Iall:,c litlc.

‘1’lic  syllo~)lic  i))la~,cs lIscxi  ill  [Ilis st[I(iy  WCIC  co]~c(:tc(i  fc)t ir)cicicI]cc  an{:lc

valia(iorls  wi(h a slif,lltly  ( i i f f c . l e n t  Ic(:l)l)iquc  tlIa II l<arIsoII aII(i Sun (1994).  in  [Ilis

a] IJHo:icl  I, wc ])lo((c.d  tlIc. incicic.  ncc an f,]c. va] ialiotls fol cacll IaI)f, c line, Il)cn a non] incal

lc~,~cssiotl in cotliullction  wi(tl a cut)ic s])li[lc  sllloolllin~,”  tilp,olittlln  ws usc(i to cslill]atu

t h e  ?,cllmal t)chavim  o f  tlIc irlci(ic.llc.c.  aIIp,lc. valiatioIIS  alor)f,  each  Iang,c  liIlc.. ‘1’hc.

]c!,lcssion  curve. was t\Icl  I I]o]l))alizc(i  by [lIc ]I]c:itl [)ackscat(clillf,  coc.fflcicx)t of tiIc Ianp,c

lirlc  [itIci t})cr) Nsc(i  to coIIcct  fol III(: irici(icrlc(:  :11111, IC effects  of  ttlal  ]:inflc  line.. ‘1’tle. cntilc

ilmtf,c  was thm mIIc.ctc.(i line t)y lilw.

Af[cr ca]ibI ation  tirid  jn(:jdcrtcc  aII{I,]c  colft-c[jotij t}~c  i]na~)cs fIOIll  cad) f]cqucllcy

bal)ri allci ])()]aJ”i7atioIl  WCIC.  usc(i ill (aJICiCIII  10  f’,crlclatc a II”rosaic  ili”)Af,C ovm’  alImst ttlc.

altilc. ]]lc)(ic.lin~,  sub-~,li  (i. l:i~,uIc  3 slIows a coloI cmn])ositc  of tlIc lnosaic  il)la~,c.  at l’-

batlci (Jd:  ]’-]] 1], f, IccII: }>-]]V, b]uc.: l’-V\~). Si]lcc. tllc  illla?,cs WCIC ac(]uilui  fIom  f]igtlt

line.s with tllc. salnc  IIca(iillf,, ttlc.y a]so ha(i :(II aJca of ovcI] a]) with a(ijacc]lt irllagcs. A

lillcxl fc.attlcl  in!, [c.ctlniquc.  was tl)c.r) cIIIl)lo~’C.(i  10 ICI IIOVC tttc tonal  irlcc)itsistcli(  :ics tl)at

c.xislc(i  at tl)c ,aJcas  of ovc Il:i]). ]Jl  SOJII(: ;\TCaS  W]ICJC  illCi(iCll CC.  :iJ1/,lC.  C. ffC.CtS  WCI~ 1)[)[

o~)litilally  col-rc.ctc(i,  ttlc fc.atllcl  il)f, Ic.clltli(]uc  ~,LI:~IaIllccci  ful [tlu slnootl)ill~,  at tllc c.(if,cs

o f  illlaf,c.s.  If tlIc ovclla])~)il)f,  lcf,iorls  MICIC  IICaI  t}lc l:~kcs wllme. thc~c. w a s  a  (ilamatic

ctlaJl~c.  i l l  ttlc lacial backs  catlcl  Si[’,lla[ul c.,  illci(ic,tlcc! aJlfI,lc  C. ffcc[s  could  110( t)c. tola]ly

Ic. Illovcxl  alI(i tllc C(if,  c cffcc[s  wcIc’. still ol))’ious  iJl tiIc. Illosaic i[llaf,c.

(:1 /ASSll~l CArl’l ON N417/’J’l  101X)1 ,()(;Y
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(h4A1’) IIaycsiall  classifIc.I  dcwc]olxd  fo] I]]llltif[cqucllcy  j)olitrilllc.tlic  SAR data (Ri?,llo[

and Cllc.lldppa,  199?). ‘I”llc. MA1’ classificl II IO(ICIS tllc SAI< aln])li[u(ics  as cilcula~

~iaussian  distlibu(ion,  w h i c h  lIIcaIls llIal tcxtu  Ial vali;i(iolls  ill ladal back Scal[cI f]oln

sulfacc  a]c n o t  corlsidclcd  [0 bc si~’,tlifica[l(  C[louf,tl  to [x i]lco]lmla(cd i]llo (hc

classification schc.lnc. III ttlis II Ic[lIod,  (IIc. (i ~~tioti distlil)u(ior~ of i]naf, c. classes is

Imdc.lcd  using a h4alkov  IaIIdOIII  flcl(i. 110111 (IIC [no(lclsof  tllca]~riori  ciistlibutionof

classc.s,  a nmdd  foI tl)efi])[).!f~’)-i{)t-i  (iis(lit)u[iol]  of IIlc. ilna?,c.  classes is cicvivc.(i  floll) (Ilc.

SAR iI~]:tf,c~  ]sill~,t  []c13:iycs’ tlu)]c.1]1. ‘]’tlc ol)[ilt~al  i(l~:ig,c  cl:issific:itioI~  c)fttlcSAll(l:\ta

is(lcfillc.d  asll)conc(llat  lJl;txiI]li7cst}  lc~//~~~,s[~:Jic  ~ri dis(libution  ofclasscsan(] iscallcd

[llc]lldxillllltl  la~~o.sferif~ri c.stilnatc.oftllc  il]]a{:cclasscs.

‘1’IIc. MAI) Inc.tt]od i s  inllcIcr~[ly (ii ffc.l-c. )1( aII(i su])cIioI tilarl tlIc. n~(~xin~m

fikcli/md  cstimatiorl (M1.l;.) lJIom.(iuIc. ‘1’t]c. classifies base.(i on the. rnaximmn

/ike/i}md  li-lc[t)ods  vic\\J{ile.  Jj:~l:tlllctcl  s(cl:isscs)  tis(]ll:illtitics\  \Jll()scv  alllcs:  ilcflx C(i'\)llt

tll]kl~own and tile bc.st cl:issification  is  (Icfi}ld  t o  bc tlIc. OIIC that Inaxi]nims  t h e

~) Iobability  of obtfii[lillg  tlIc saIII])lcs actual]y obscI vc(i (I)u(la and ] lal”l,  ]~~~).  “1’hc MAI’

classifier vic.ws the. pa IamctcIs or classes as IaII(i OIII valiablc.s  wiltl solnc a ]~riori

(iisl IitJulion. ltcl:tti\~cot)scI\’atiotl” of tile. fcat[llc s] JacccoIlvcI(s ttlis toa]l  a]mftetioti

(icnsi(y, tllcIc.t)y  Icvisirlg  tile. (iccision  at)olll (lIC tIuc IIalu Ic. o f  c l a s s e s . Ol)c of the

a(iva[ltaf, c of [Ilis tcc. hniquc.,  bc.side its Ill:l!ilc.lil:itic:tl  Ii [’,()], is Itlc fact [ila( il is ~,cIIcIal

C.[Ioll:, il all(i  with Illi[lo] Inociificatiofl of (Ilc fc;i(LIIc. s])acc  CaII bc a])]llic.ci  [0 botil o])tical

aIICi  SAR iIna~,cs  aII(i [tlclcfolc.  clcatillf, tiIc o])])oltulli[y  fo] botl I co[n])ala[ivc  and

syrlc.l~,  istic stu(iics.

A  nun~bm of C)(lIC.I classific]s  aIc. :i]so availab]c  in [tic ]itc.la(ulc  tilat  lIavc bccli

usui succcssful]y but wittl  lillli(c(i  c:i]~:ibili(y  fo] ~,cllcl{ili7:ilic)ll, AI ImIIg thCIll,  ]<tiIISOII

aIId SLii I (1994)  uscci a co[llt)ill:itiol~  of ]]Iirlci])lc COIII}mIICIIt a[lalysis and Ml .1{ (o COIIIC

u]) with abcmt 80V~ accuIacy  ovc.I NOI ttlcIIl I;,XIKV i[~~crl[al  l~oIcs[  near 1 ]owlallci,  M:iinc.

l’ic.Icc C( al. (1994)  irltIo(l~iccd  a kl~c)\~~lc(l{!c.-tJ:tse(l  cl;issiflcl  ovc.I a test site irl NoI [IICI [i

Mictli~,tin.  ‘] ’t]is tccllniqtlc  s[Ion~, ]y (ic.])cII(is  oIi LIlc absolule  backscattcn  val Lies (ic.live.d

ovcx [I aillirlg  aIc:is arl(i tlIc tcxtu Ic [inalysis. “1’lIc  usc of this lc.ct)lliqlic.  is (iclIe.ncicII[  on tllc

calib!atiol~  o f  [lIc airbo] ne. and s})acc.bo]  IIC l)olaI  illlct[  ic (iat:~ wi]ictl  oftc]l s~if’fc Is flo[ll

cluttu I:inf)c  and atmosphc. ~ic (Iistol lio]ls. h401covc], ttlc s]mklc.  filtc.ri[lp,  a n d
Inultilookinf, tccllni(luc  in ]x)laliIltctcIic  S A R  oftcl) (ic:,t:i(ics s])a[ia] lc.solu[ion  aIl(i

i])fol[))alion con[c.  nt (bottl in l)]a~,nitu(ir ;iII(i l)lIasc)  of It]c ciata,  solnc.(illlcs  ill a

[Ion(lllifollll IIl:i  I]ncI  2icIoss  ttlc i]]mf:c alI(i :il(cIs tllc tcxtul;il illfol I]l:itioti. “J’tlc. I’CfOI’C,

scf,mclitation of tile ])[)l[~Iilnctl  ic SAR (i{it[i  i):tsc(i  or) kl)()~iflc(i{:c-[)tisc(i  tc.cl~rliqlic.  s al)l)c:iI  ‘

[ 0  k ]ioisy aII(i Ilot [y~)icaiiy  suit:it)lc  fo[ i)liiclical :ii)l)lic:itions.



‘J”]Ie. lC.al’llill~  ]Jrf.xc(lIIIc  f(JI- tIIc classiflcl  is sll~KI  vised in [tlC SC.IISC  [Ila[  [lIC  S[:IIC of

[tic I)atuIc (class labc.1) is kIl(JWII  irl advaIIcc  aIId [Iaininf, aIcas aIc clIoscIl  basui on fl

)~rioti kl~owlcdf,c of tllc  sccnc 01 (IIC visuol  illtcl})lt:[a[ior~  of the iI~ul~,c..  ‘l’c) irt~l~lemcr]t

ttlc. N4A1) classificI  OVCI the. SAR Imsaic  ill}a]:c  wc flls[ define (tic a l~rioti (iis[lit)u[iol]

of (Ilc. SAR data fm iIIlag,c  classes by com])utirly,  IIIC avc Ia\I,c covali:il}cc.  IIMtrix ovm  I}IC

siIlf,lc  tIaini I]g area. WC conce.ntmtcd  oI~ 8 c;itc~jo]  ics of II aininf, COVCI: 1 ) jack  pine (J1’),

?) black S]HWCC  (1] S), 3) (Ic.lnl)lill~,  as])c.t~/Il]ix(d  (’1’A/h4X), 4) rl)ixcd jack ]~irlc aId aspen

(Jl)/l’A), 5) Inixc.(i black S]) ILICC.  aIId jack ])il~c (llS/J l)), 6) nlixcxl  stands  (h4X), 7) clcm

cut, distu  Ibc(i anti IloIlfoIcst  ((X;), aI~(i  8) c)~)cr~ watt.I (OW). lk)I” Cach Ca(eg,ory, we

sclcctcxi  a s ingle  laIgc lIC)III()~,c.I~c()LIs  staII(i f]o]]) ttlc. k])owlcd:,c  :icqui]cd f~om f i e l d

obscwatiolls  arIci [I]c. existing l:iII(i-covcI  III{ijJ. ‘l’tic avcIagc  Covari:incc  in.3[Iiccs alc

Ccmlplltc(i  fm all thI’CX fmllic.ncics. ‘1’hc Hsc. of ]imitc(i  Il\ilnbc.I  c)f [Iainin:,  alcas clIsulcs a

I-caiistic  classification ttccuracy arici t}m cx[r;{~mla[iort  of tlm Ics Lilts to the cr]ti Ic i~nasc.

1 ICIC, wc used t}mc II ;iining  aIcas for jack ])inc.  stan(i  dcl)cIl(iing C)II  tllc. cicmsity and ap,c.,

two black SJJI”LICX  areas from a tclwcI si[c HIId ll~atutc [ICC(! Inus’kcg  stan(i.  ‘1’ab]c 1, lists

the. calibIiitc(i IadaI backs cattcv ing cocff]cicnls,  colmlaIizui  ]Jhasc diffmmcc  in dcgtccs,

an(i (tic cocfficicn(  of co IIclation  ill the lir)c;ll  dorl]ail)  bc. twcm [hr. COIII]IIC.X am])lituclc.s  tit

1111 ;tll(i JrVll(JlaIi7.atic)Ils. ‘1’tlc :ii(ial chal iIc[cI istics aIc obtaillc(i floIll IIlc fIiilnc imaf)cs

]) I(mssc(i  OVCI- 10 kIn x ]() k m  aIcas willlil]  cac]I syl)o]]lic ilnagc..  ‘J’tlc.  f(Hc.st  S[all(is

cliosm for Ihc trdininp,  aIwis wc.Ic ima~,c.d  at IIc. aIly [lIc. s:iInc incidcncc  aIlgle, ty])ically

aIOLIIICi  45C) imiclcnce aIl~,lc,  thc:cby  tlIc. Iii(ia  I J)a Iamctc. Is foI [lIC ink:tg,c  c l a s s e s  am

assu IIlcci  to be indcpen(ic.])[ o f  tlIc inci(icncc, ai)glc.. IIOWCVC.1,  tllc SAR iIIm~,c w a s

C]aSSifi  C(i OVC.1”  i t s  Cntilc al)g]C  vaTiatioIls aIId altlIou$I,h  tlIc. iIna~cs  WCIC ccmcctcli  foI’

illci(ic.ncc.  anf,lc  variation  alon:  the Iar)~,c  lillc, wcca I) still c.xj)cct  smm misclassifaction,

paniculal]y  ncarthc. alc.as of ovc]la]). AIIIOI)g tll~ t]:{jl]jll~, aIC.fiS,  \\~c.cIlcc)~llltCIC(i  SOIIIC

ciifficulty  i[l idcntifyin~  as~lcll  stallcis bccausc  of ttlc.ir  small sires within I}IC lIOI<llAS

Ino(icling  #,Ii(i  anti t}lei  I vicinity to mixed stands. As a IcsNlt, aslw.rI  class is labclc.(i

‘1’A/MX in oIdcr to i]lustra(c the as]m (i(mlin; itc(i mixcxi  stan(is.

‘1’hctna])of fore.st ty]m usin~, tt]c SAl{ (iata issl)own  itl l;i:)ulcfl. ‘J’llis]csult  is

oblainc.(i  llsirlf,  })c)l:lr  illlc.tlic(lz~t[i  a[ l]-t)aIld aIId [lIL’ 1111 alI(i llV l)c)l;iliz.i!tic)lls:~t  14- and (~-

t){illdS.  ‘1’tlccllOiccOf [tlcfm]ucncy  arid ])()li~l iz;tti[)rl  ctl{tllllcls  fc)l`;~c]licviI} f,[tl(: C)1)tilllLllll

classification lcslllts  was ob(airlc.d  t)y cllat]jl,il~~,  tlIc (iiIllc,rltic)rl;illty  f)f tliccl:tssi  f”lciitiorl, oI

cquivalcmtly,  lcducin~, ttlc. lIul  IIbcl  of c.lcll)cll[s  in tllc  covariallcc  Inatrix of c.act) ])ixcl  that

()



arc uscxi  for classification. Cotlscqllcllt]y, ttlc. ol)tiIIluIn classification flccuriicy was

obtairlcd  by cmly cxcludirl~  IJ- (ird ~;-bartd VV ]]cJl:tri7.tilic)rls. III ltlis I)Ioccss, it was also

found  ttlat the Cor]tribution  of l)-band data was cIucial  irl sc]mratinfi  Illc classes. ‘] ’he

Ic.ason foItlliscolllt~illatic)ll  is lJal[ially dIIC to tl~ccalibI ation arl(l Ia(iiolllctric  inacculacic.s

at nip, hc. r fIcqucncics. in particular, the. (;-band VV-]NlaIizcd  syrlo]~tic mosaic data

suffclcxl  flom bandin?,  irl ttlc image.  aIId illacculacics  rcsultcc] froIn  incidc.  tlcc aIl@c

cmlcction.  in fact,  wllerlar  adaI ctlanncl (l{)C.S IIC)t SC]):iliite.  tlVC)irIl:igC  classcs,  itaddsasa

t]oisc soLIIcc to the classification, and iIlcrc.ascs  tllc classification ]Jlobatjility  of Cnor.

‘1’tlc.cc)tlll~irlatiorl  ofpolarinti(ms  Hll(i  fItx]ucrlcics  USC(I to attain mfixilnuln  sealability

diffc.Is fIom a silnilal tc.chnicluc.  a])j)lic.cl  011 AI RSAR frarllc.  ill)agc.s  c)vcr Al[iskarl boreal

forest where the llighcst  accuracy was obtained by orl]y I.-band and ~~-band IIV

]mlalimtic)ns  (Rignot  ct al., 1994). Wct)clic\`ctl  lc.lc:~s[)rlfc  )Itllis(li  ffcIcll cclcsidcsiIlt}lc

l)c~OII-a(iic)t[lct[ic  acculacyof  the Syrlol)tic irliap,cs  at t)if,l~(lcqucclcs  in ourcasc,  andin

tllcl’-l)aI~d  il]te.IfcrcI~ce.}  )rotJlcr~li  I~ thcdata  llsc(lc)vcIt  llcAlaski~rc  gic)r~.

CYassificatic)r)  aCCLllttcy  fole{icllc  l;issis( ictcllrlirlc.cl  bymc.asuling tllcrlllll-lt)crc)f

])ixc.ls  cc)I1ectlJr classifiecl illtc)t  llcclassc  li\~i(ic(]t  )yt}lct[~t;t]  rl~lrllt)ctc) fj)ixclsirl tll atclass

an(i is illustrated in the foIln of Confusiorl  IIl;itlix. III assessing Itlc total classification

accu[acy  wc irlclu(lc.(]  olm watt.r ard clc.aI cut, tlloup,ll  they arc of[cn sc])aratcd with no

difficulty within SAR iInagcs. ‘lllc c.onlrit)utic)Il  of each fleqllcncy  irl the total

classification was asscssd  qualitatively \vl Ic.11  the classifier I-esults  wc.Ic Cxarnirld  Clulirl?,

the dimmtionality  tcs(. ‘J’he results in(iicatc.  that tllc 1 IV ]mlari7atic)rls  Contrit)ute.  the. most

for fmcst ty])cIlli~]]~)irl~,at  all frc(]ucncics. }iss}lof~’rlillrl’at~lc  l,ttlcl  lVchar~nclsatl  J-

bard aId P-ba[l(l  snow the hig}lcst valiat)i]ity  over the Iancc of foIcst  Iylm since they alc

Inainly wlatcd 10 tltc volume  sca[luing  within foIcst caIloj  Iy and in tum sensitive. to the

fmcst bior)lass density. l;ult}lcImoIc,  OVC.I folcstcd a r e a s  the IIV t>ackscattcI i s  less

se. nsitivc to the incidcncc  a n g l e  valialion  a n d  (llcIcfoIc, tllc cllanncls  arc less

contaminated by the corIcctioIl  moIs that Il)iiy have Icmairlc.(1 over [he imasc mosaic.

‘J’hc Co-]) olarizc(l  backs cattc.r  alc less variable OVCI (Iiffc.lcrlt  stali(ls,  but since the

Calibrfition  of cO]mlaI-imd channc]s  alc us\ Ially bc,tter  tllarl  tllc crc)ss-})c)l:ir-i7,ccl  ctlannc.ls,

their Iolc ill sc~)arating  classes is si~nificallt. lkmcxam])lc, over- low vc~,ctation,  clcal

cut, arid olmn watc I, the llV-j)olalisc.(i  l~a(kscatteI  is very low aIl(\  tlIc.  co-~mlalimxi

backscatto  sigllattlrcsii  lctllc]) IiIllalys c) Llrucf[)r sc}):ir fitiIlg tllcsecl[isscs.

']':tl)lc.  ?.s}lc)ws  tl)ccc)]lfl]si( )rl Il):il}  ixcc)[)~1)l]tcci  f]oll)tl)c.lcsll!tsc)f  M1.];arld  MA]’

classificls  over the (raining areas witl) 90 ;IIId 96 pc,Iccllt accuracies rcsl)~ctivc]y. } ;~r

mixed asl)c.r]  and jack ])inc (Jl)~l’A)  class or)ly  “/2% Of ])ixcls ovC,I the trail  )inpl i~l~a W[i S

classified acculatc]y. ‘1’tlcrc.ason f~! this is the sirnilal :t\~cI:ig,~~(  )-])()lii[i~c.  (1 backscattu
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values at all lhlcc  bands. 111 ~cnc.ra]  fm I])ixctl  slands,  the. choice  of [llc. [Iainillt, :ilcas am

])001’ COmparcd wi th  the  lnono-spccics  hOIIK)~CIICollS St:in(is  :{11[1  as a Ic.slllt  tile Illcall

backscattcr  rctul-ns  for [hc.sc sites arc not vcl y distinctive. ‘1’tlcIc.foIc,  Wc Cxpcct  jmo~

accuracies over ‘1’A/MX  sites since oven this m?, ion, most of the as]mn stands alc Inixc(l
\$,itll  ~C)lli  fcr tfc,c,s,  Jack ~)i[lc,  a[l[j ~][ick s])] LICC st:il~ds  aTC C]assific,(j  with ] ()()% a[](] $)9CZ)

accuracy rcslmctivc.ly. l’-banct and 1 ,- band 1111 ]mlarizations  are. the main Ctlannc.ls  fol

scJ)m[iI)g  tllcsc [WC) classes. 111 jack pine. s[tinds,  the [ICCS arc taller with less foliage and

with dry and smooth  g]ound surface. that collcc(ivdy  contribu[c  10 high (ic)[lt)lc-t)c)llrlcc

Icturll at 1111 polarization (Moghaddam  a[l(i Saatchi,  1995). ‘]’hc black S]) I”lICC StalKiS,  011

the other hand, have sholtcl  (rccs, moIc. foliage, ancl thick am] wet moss laym an(i thus

lowc.I Ic(urIls  at 1111 polarimtion  bccausc.  of tile absor~]tion  c)f tile  Clcc[[c)lll:igllclic  energy

by [hc uncic.rlying  moss layer.

‘1’0 e.xanline  the ability of ttlc. classif]cr in sc]]ala[inf,  conifcrc)us  and deciduous

stands, we a])plicd the. classiflcr, withou[ ally changes in i[s cwrrcnt cc)l]figlll[itic)]l,  on an

AI RSAR frame ima~e acquired over the aSlEII tower site in the l’rincc Albclt Natic)na]

l’ark on the same date.. ‘1’he. image. ccwms tl]c alc.a south of I lalkc[[  lake a[d north of dilt

load 1<1. 240 and is cemtcrc.(1  at the aspen tower site at almost 45° incidcnu  an f,le. ‘1’hc

alca is covcrd  mainly with asIml trees and wittl slnal] scat[cd patcl]cs  of balsall] lm])lar

(} ’0/)14/14.$  1~(11.samifera)  that  ale similal  irl st] uctulc, t o  as~)cn.  ‘1’hc lcsult  of t h e

classification is shown in l;i~,ure 5. 1+0111  tl)c visual  intcl}mc!alic)[l  of tllc  maj),  it appears

that the classifier scl)au~tm  the as]EIl staJds with no difficulty. Over the towc] site, tllc

classification accuracy lcachc.d I(KWO. ‘1’his is onc of the. stlikir]g results of [Ilc SAR

classification bc.cause in gcllcral,  the sc.])tilalion  of conifcrc)us  al~d deciduous stands in

boreal  fc)re. sts in cc)rlsicte.reel onc tllc. Inost challcllginf  ])roblcrns ill any land cover

classifimtion. ‘1’his result also indicates that over IloTllc)g,erlec)Lls  stands, the. stl uctural

infolmaticm of the forest cmbcdctcci  in the SAR btickscattc.r (Iata bc.comes one of tllc key

dismiminatex  in t h e  forest  ty]x classificatio[l.

“1”0 analym the accuIacy  c)f the. SAR dm ivcd COVCI Inap fuIt}lcI,  wc coml)aIcd  the

ma]) with the field data and the existing laid cover m8p (ic.rived from the inf[;ire(i  aerial

])tlc)to#,I’;tj)  })y. ‘J’able 3 s}lows tt}c trc.c s~)ccics Cotn])osition of 19 Icst sites within [he.

modeling grid obtaind  flom actuzi] mcaslllc.lnc,nts  fc)r each site, the vc.gctation ll]ap, and

the SAR ma]), ‘1’hc p,tound masmcmcnts WC.]  c conducted duI irlg the intcllsivc  fic.ld

canll]ai~ns  in sumlnc.r of 1994 and coincide wi[tl tllc tilnc frame t}lc SAR data wc.re

acquirc(].  ‘1’llc  s]mics com]msition  \vcIc lt]casu]c(i on small ~)]ots within each sta[l[] and

was not designed to address the s])ccics  coln])osition  at [hc SAR ~)ixcl scale. ‘I$hc

vc~,ctation Illal) is alIllos[  1() ycaIs  old and IIIay t)c illaccu] ;itc bccausc  it is t)ascd  on tl)c
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visual irltcrprctatiotl  Of lhc aerial photoglal}hy  and dots not include  the changes tha[ ha(i

oc.curlc(i  since lhcn. 1 IOWCVC.1 , Wc have. included the map as an Cxtra SOIIICC foI

c.valuatin?,  the accuracyof  the SAR map. h401covcr, the c]assificr wzis used to label each

~)ixcl  by [Ilc dorilinant  forcs[ ty])c and w a s I] CVCI- intended to cstim; itc the sjmcics

composition. Nc.vmthclcss,  by I)erforminf,  (Ilis comparison, wc will bc able to cxamirle

the gcncriil  pcrfomancc.  of the classifier all(i  tllc capability of SAR to identify s])ccics

composition.

“1’tm SAR map WHS g,corcfc.rcnccd  and cc)-]cgistcmd  will) the vcp,c(atior]  map with

lCSS tharl onc pixel (30 m) accuracy. ‘1’}Ic ccntcr location of the sites were identified on

the ilnagcs  by using the G1]S (Ground Positior]irlg  Systcm)  data. Stand compositions of

19 sites wc.rc  compu(cd  over 5x5 ])ixc.ls frol~l  SAR and vegetation maps. ‘1’hc ]csu]ts in

‘1’able 3 irdicatc  that classification of auxilialy  sites and tower site.s arc in good a~,lccmc.nt

with the field data anti ttlc  vegetation map. Over 13 fore.st stands, emus in pcr-ccmtagc of

each  spmics  rcpmc.ntcxi  in the classification ale. less than 8%. ‘1’hc rcmaininf,  6 sites arc

mixed and contair) spccics  that aI-c not included  in the SAR classification. Over Ihcsc

sites the crmrs in cslimatil)g  slvxics  Conl]msition can inucasc to 20%, with tllc. cxccption

of the auxilialy  site G413h4 whc]”c  the c.llor cxcccdcd 50%. ‘1’hcse. c.rmrs stcm f] om

sc.vcral factors: 1 ) tllc s])atia] vaI iability  of s])c.tics comlwsition within ttlc  rnixcd stands is

r]c)t compatible wilh the pixc.1 siz.c. s of the. SAR lnal), 2) tllc loca[ion of the sites on the

SAR map car] be WIOIIg ciLIc to C. IIOIS iIl tllc G1’S ll~ctts~ll-c.r~~cI)ts  that may bc Iargcr than

1O() m, arid 3) the nLImbc.I  and size of ])]ots used in the ficlcl  mczisurcmcnts may not bc

adequate for the mixed stands. l;ur[tlcllnorc, since. a combir]atic)rl of tree. gc.omctry,

biomass ar~d surfidcc conditions contribute in cilangcs  of SAR backscattcr, the ]) ICSCIICC

of several tree spccics  within one SAJ< ]]ixcl will add to the confusion of the classifier iri

scpalating stands. ‘1’hesc results sug.gcst ttlat  the SAR map can bc usc(i to dctcminc.  the

spccics composition c)n the sca]c of SAI< image data. Givcri the fact t}lat SAR

classification is performed by assurninp,  ttlat the training alcas arc purely  single species

stands, wc expect the SAR clata( have bcttcl accuracy  in mapping stand compc)sition  if the

training  arc.as were chosen differently.

Next, wc examine tllc accuracy of tllc SAR  IrIal) over the cnti]c  modeling, grid by

c o m p u t i n g  the pcrccnt  area  covcrcd t)y each  fo res t  ty})e in the rc~ion. AI) aIC:i o f

a])pIOXillMtdy  ?,5 km x 35 km arc  t:ikcn flom the rni(idlc of the SAR map arid the number

of l)ixc.ls  of each forest ty~)c.  is courltu]  ancl dividc(i  by the total nurnbcI  of J)ixcls.  in

‘1’able 4, ttlc ]JCI”CCIlt  area COVCIC(I  t)y cacti tyl)c in SAR ma]) and vc.gct~ition  Covcl  Ill[iJ)  :il’C

coll~})arcd.  ‘l”tlc diffcrcllcc  txtwccr] tllc two llla])s  Tcl)]cscl][c(i  t)y tllc  ]Jcrcent:ip,e  of chanf,c.

ilnp]y n colnbir]atior]  of crJOrs ir] boll]  r]]a])s  and cll:in~cs ir] lIIU land cover bctwccn  thC
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time, of the two d a t a  Ktkcs.  If the vc.qctaliol]  covm ma]) is mnsidcrd  a c c u r a t e  a t  the. t i m e

of the SAR datm take, [lien the diffcrcncc can mean that 23% of the total area has been

classified inaccurately. I;icld c)bscrvzitiorls  dul-in  S IIORI:AS campaigns showcxt  that

certain parts of the land covm have been al[mc (i. I;or example., SO1llC @~Cd  and blllllCd

al’Ca S haVC bCC.11  fOICStC(i [111[] SOlllC fOI’CSt [{1(’0S  tlaVC  bC.Cn ICCC.lltly  CUt. SiIICC thCIC iS II()

accurate information abou( the land covcI ly])cs m a lcgiona]  scale, the assessment of the

accuracy of the SAR map can be difficult. Given the unccI laintics  in vcge.tation cover

map, wc expect  that on a regional scale, more than ‘/790 of (he total area can be classified

acculatc]y  with SAR imagery.

I and COVC.I  maps can be used as onc of t}le. l)mlalnctIic  inputs to ecosystem process

models. ‘1’hc requirements for accuracy allcl spatial scale of the map depend  on the

ecosystem model and the iipplication. ];O1 cxam~)lc,  genera] circulation modc]s(~i(;M)

have incorporatcct  a 1‘) by IC) global lald  cove]-  classification ma])s [SCllCI-S  c.t al., 1994].

Recently an AV1 IRR/Nl)V1  bascct  global land cover map }Ias also bccomc available as an

input to G~h4s (Ilcl;lics  and ‘J’ownsbcnd,  1994). l’or modeling the nc[ canopy

assinli]ation  in bc)lcal  or ttopica] fol-cst, ecosystem models may ]cquirc much finer
Icsolution  data over local 01 regional scales (Ilonan,  1993). ‘1’he. }IO1<I:AS  ]) IOCCSS

modc]s  require five major land cover types for the region. ‘1’hcsc. arc conifer- wc.t, cc)nifer-

ciry, ctccictuous,  mixed conifcl -dc.ciduous,  and fen and distulbcd.  As an attempt 10

produce maps that can be readily used as illpu( ])arat]]ctcrs to these models, wc combined

classes and modified the SAR and vegetation cover ]naps to Ic])rcscnt these five classes.

Since over the modeling subgrid nlappcd by SAR, pure deciduous ant] fen sites arc rare,

wc h a v e  c h o s e n  c o n i f e r - w e t , conifcl  -dry, mixed deciduous and conifer,

clc[tlirl#clistllrtJcci, and open water as typictil  cover types for the region. ‘J’hc ncw classes

a~c formccl by grouping 11S, llS/Jl), and MX (mixd  wet) into conifer-wet, J]) in conifcr-

dry, 3’A/MX,  JI)~I’A into mixed cc]rlifcr-(lcciflllot]s  class. ‘1’hc clear cut am] disturbed and

open watt.r classes arc nc)t chan~cd. ‘1’hc. ]c.sulls  are shown in I;ig,urt2  6. IIy preserving

the original pixc] siz.c (30 m), the new ma])s can be used in future for the accurate

estimation of land usc change due to cll\’itc)lllllcrltal  arid anthropogcnic  forces. ‘1’hc

modified SAR and vcgcta[ion  cover  mal)s  show sirni]ar  pattuns  of land cover tylms  in the

legion. A com]mrison  of the two imap,es  ovc.r a ?S kIn X 35 km sut)-[ilca is ~,ivcn in

‘J’ablc  5. Rcsu]ts indicate tl]at  tl]c accuracy  of tl]c SAR ima~c can i]n~]ml~c  w’hcn fewer

classc.s  arc. used. ‘1’hc difference between ttlc two nlaps has duccci  to only 7.3?% of ttlc
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total arm. ‘1’his means (hat by reducing (})c nulubm  of cliisscs to functionally significant

land ccwcr  tylms, SAR data  can pmvidc IIIapS wi[h gIc:itcr, 92% accuracy over the

modeling grid.

SUMMARY AN]) CX)NCI.1JS1ONS

‘1’his wmk summarims the approac}l  and the results of mapping forest tyIKS in the

southc.rn  study area of the IIO1?IIAS  projcc( in the bmeal forest of Gnada by using SAR

imagery. ‘J’he imfigcs arc collected by the airborm  J 1’1, All<SAl<  systcm and combined in

a mosaic to cover the ecc)system process mtde.lil]g sub-~rid. ];i#lt  C1:NCS  haVC! t)e~ll ,

separated in the SAR image  and the accuracy of [he classification of have,, t)mn performed

at several levels. Ovcr 19 forest  stands surveyed during  tllc llORllAS  field campaigns,

the SAR map exhit~itc.ci  an accuracy of about  90$Z0. ‘1’he  analysis showed that the, map

was also able to comct]y predict tlec  species composition 01) the SAR pixel scale.. At a

larger scale., an area of 25 km x 35 km from the SAR ma[) was comparccl  with a digital

vegetation map based 011 the iI)frarc.d  aerial photography and Inorc than 77% of the. total

alca  was classified accurately. ];inally, the numkr of classes wcIe reclucecl  to prducc a

map compatible with the I-equircmcnts of [he lIORI:AS land surface process Imdcls.  “1’hc

rcducecl map hacl 5 classes and whcII cc)m])al cd with the vc,p,ctation map, showc.d similar

land covc~ pattuns  with greater than 92.% accuracy over the total area.  It is important

to note that the classification accuracies pc.I-formed in (his study were highly dcpcndcnt

on the accuracy of the irnagc  calibration and impediments caused by mors due  to

incidence angle effcct$  aircraft mo~im  co{il])cnsation,  and the image  mosaic ])roccdure.

]: Llrthcrmore, the results  wc.rc obtained by using  data from a Sil)g]C  date.  h411]ti-temporal

data caI~ provide information about  (I)c seasonal and environmental states of the boreal

forest and cmhancc the characteristics of the feature space for the classifier. ‘I”hcrcforc,

wc believe that the accuracy obtaine.cl  in this stuc]y is conservative ancl can bc improved

by incorporati[lg  multi-temporal data, and spacet)orne. systems with t)cttcr imap)c frdclity.

SOIIIC of the important results of the SAR classification were  the separation of

black spruce  and jack pine stan(ls and [tic. cot)ifc.rous an(l (lcxiduous  tt-ecs with close to

1 00%, accuracy. “1’hcse  fc)rcst  types aIc consiclcrcd  the dominant coniferous and

dCCidllOll  S stands COVClil)g  lal”gC ]):itChCS  throughout thC entire  re.~, ion Of the bOIC:ll  fOI’Mt.

‘1’he. results have  also a significant iln])act on nlodclin~, the caI)opy  assifnila[ior]  and

biog,coct)cmical  l)mcc.sscs  for the region. l)cciduous  trms,  bcc:iusc of [heir phcnologic:il,

ur)dcIstoIy,  ar)(i scasor)al characteristics ttlan c.onifcrs, I-c[)rc,scn[  (ii ffcrcnt  functional fOI’nl S

iN CXosystcm ])l’OCC. SS II)o(\c]s.  Ar])or)p, cor)if(:I  S, jack [)inc a[](] black  S}lrllce, trees arc alSO
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[1’calcd  diffcrcnl]y  in process Ilmdcls. Unlike dry and sandy soils of jack pine st;inds,

black Sprucc patches areof(cn cove.rcd with thick  moss ]aycI OVCI})OOl]y(l ~[iill Cd” soils

amj with different char3ctc1istics  in the rclcasc c)f [he. trace ~,asc. s from the soil surface arlcI

Callol)y.
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l:ig. 1. Map of the 1301<11AS  southern study am and the moclcling sub-g! id.

1;ig,2.  I)igitalveget:{ tiol~l~l:i~)  oftt~erlloclcli  l~gs~lt>-glida  ssel~~t>lcclf  rot~lvisLlal

interpretation of infrared aerial photogral)hy. ‘1’hc map includes 8 diffcrcn[ types of land

cover wl~icl~:ircreglotl~)cd  from aboriginal 401andc  overc  lasses.

I;ig. 3. P-band polarimctric color cwcrlay of the AII<SAR  mosaic image of the mcdcling

sub-grid within the llOI<liAS southern study area acquired on July 21, 1994. P-band 111 I,

llV,  alld VV1)olari7.atiorls:ire  res]>cctivcly  colc)rc(l  irlrccl, greeIl, a[lclbltle.  ‘1’henmaic

image is co-registered with the digital vegetation map and gcorcferenced  to U-I’M

coordinates with North being parallc] to ttlc  side of the. inla~e.

l~ig. 4. Map of forest types obtained from 1’- band ]wlarimctlic,  1,- ant] c-band  11 I I and

1 IV ]Jolarizations. l’he map includes 8 classes similar to l;ig. 2. ‘1’he classes arc Jl) ( jack

pine), BS (black spruce), JI)rl’A (don) inant jack pine mixed with trembling aspen) llS/JP(

dominant black spruce mixc. d with jack ])inc),  ‘1’A/MX (clominant trembling aspen mixed

with other conifers), MX (mixed conifer), (T (clear cut, bogs, and ciisturbcd), C)W (open

water).

l;ig. 5. Map of forest types obtained over the aspen tower site in the l’rincc Albert

National l)ark. ‘l”hc map was obtained flom a frame image covering an area c)f

approximately 10 x 10 km. ‘I”hc cover types arc similar to l;ig. 4. with aspen being

separated from other land cover types,

l;ig. 6. (a) Rcduccd  SAR map over the modeling sub-grid derived from the original SAR

map shown in l;ig. 4. “l”he map includes 5 classes  of conifer-wet, cc)nifcr-dry,  mixed

clcciduous and conifer, clear cut, and open water. (b) f<cduccd  cligital  vegetation map

dcrivcct  from the original vegetation map by rcg[ouping  the land cover classes.
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Table 1. Radar characteristics of [he tlaining  sites of forest type classes at P-, 1.-, and ~-
band frcqucncics on JLlly 21, 1995. 0: is t}lc.t)acksc:it  terillg coefficient at pq
]Jol:lliz:ltioll:  ivcr:lge.do vell!le[llllllbcl  ofl Jixclsw  ittlirle:lc}lt l:titlillgsi  te.:lllCl
@ and p are the phase diffcrcnm in dcfycm and [he coefficient of correlation of
hh and vv polarizations rcspcctivc]y.
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‘1’able 2. Gnfusion  matrices of folcst ty])cs delivcd  from h41,1{  and MAP classifiers. ‘1’hc
diagonal elements of confusion mat]-ic.cs define the percentage of those. pixels
tha( has’been classified into the correct class.

(a) Muirnm I.ikelihood Classifier
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Table 3. Tree species composition of 19 forest stands in the modeling sub-eg-id ~ea.  The ground truth data was taken
1995). WS is white s~ruce  (Picea glauca) . Lala is&om &e field notes of TE-5 investigators (Sel!ers. et al.. .

Lurix iaricina. Abba id BaIsam Fir (Abies balsamea). Bepa is uaper !irch (Belu~a papyrifera).  Numbers  in
ground truth column indicate ‘Ae percentage  of each Tee species based on the number of stems within the test
plots. In vegetation cover and SAR maps. the numbers i~dicate the percentage of image pixels of each stand
classified in type of forest.

f
Si:e Stand Composition 1 Stand Composition 2 Stand Composition ;

(Ground Truth) % (Cover Map) % I
G2L7S I B S :  W, Lala: 60

(SAR Map) %
BS: 99, JP/BS: 1 BS: 64, .34X: 36

4

G914S BS: 99, Salix: I
~

BS: 1(.)0 BS: 100
G214S

I
BS: 92, TA: 2. Sahx: 2, Bepa:  3 BS: 100 BS: 96, JP: 4

G6K8S BS: 94, iala: 6 BS: 100 \ BS: 100
iI

! ~~s~k~ ] TA: 71. WS: 25, Ab5a: 3 ; TA/JP:92, BS: 8
I

i “FA/.MX:  96, ;?:4 I
1 G8L6P ! JP: 91, TA: 9

J
] JP/I’A: 1 W! ~ Jl?: 7 6 ,  JI?~~A:  8, BS/JP: 16 ~

~ F516P I ;P: 100 JP: 100 i J?: 92, TAI.MX: 8 1
G9LOP I JP: 100 -lP: 100 I JP: 100

I

F7JOP j JP: 17, WS: 4, BS: 74, TA: 4 BS: 100” ~ BS: 96. JP: 4
{

F7J1P ] JP: 59, BS: 17. TA: 23
J

‘ G4K8P ~ J.?: ;W
I JP/TA: 72, TA: !6. BS: :2 ~ JP: 60, TA/.MX:  24, .MX: 15
; ;?: :00 ; ;p: ;(j~

‘G]K~p Jp: :()(j ~ JP: 100 ‘ JP: 96, BS/JP: 4
G7K8P JP: 100 Jp: ]~(j JP: 100
G413.M TA: 49, WS: 43, Bepa:  6, Abba: 3 TAfWS: 96, WSITA: 4 TADIX: 20, BS/JP: 68, JP: 12
TE-OBS BS: 100 BS: 100 BS: 100
TE-OJP JP: 100 Jp: ~~~ JP: 100
TF-YJP JP: 100 JP: 84, JP/TA: 16 JP: 64, JP/TA: 36
AD.M-3 TA/JP: 92, JP/TA: 8 TA/MX: 92. JP/TA: 8
BDH-4 JP/TA:76,  Bs:24 TA/.NllX: 20, JP/T’A: 68, .MX: 12



‘1’able 4. Area percentage of land cover t ypcs over 875 km2 of modeling sub-grid dcriwxl
fmm original SAR and vegetaion  cover maps. “1’hc change shows ttlc pcrce’ntagc
of difference of SAR map in arc:is of land cover types from the cover [l)ap.

cover  type SAR hd,~-- ‘——””–

‘“ Z =

Cover Ma % Cl]an e %.——
J P 18.26 ‘-”–17.73 i 0.53
Bs 30.27 ~’jy~ - 7.52

—--mmm 8.17 7.86 -t 0.31
JP/1’A 5.73

. ..—
10.01 - 4.28

MX
____ _____

16.36  - g.~g + 7.97
—mm 15.57 12.91 + 2..66—

cc 3.62
———  .— —-. —

3.39 -–().23.—.
(NV - —— ——. ——

1 ?7 1 <() -—().36

‘1’alJlc 5. Area pcrccntagc  of land cover types over 875 km2 of modeling sub-grid derived
from reduced SAR and vcgctaion  cover maps.
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